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(54) MEDICAL MATERIAL FOfi SOFT TISSUE 

(STJAbstract: 

T^TZ^h1 Q J with high bfc^mpatibfcty and pmmil probtemson the safety 

such as cytoto>:Eceftact ; Q tc, : by composing the material with fiber aggregate and potior 

COMSTITUTION; A medical material for so3 tissue consists cf fiber aooreoat* and pofvastar 

formula ,1 < hs rmdrca! material for soft to has good daccmposiBon and absorption to 
oon^ >M and holds the designate shape even aiter^^^n^SSSScn Ths 
copolymer ® oc^ byte feue as it penetmtes into the bicmoSssuo and foe 
£^ andab^onof this materia! gradually propim by ft* action of the tissua. 
S ^^S^^^ C0 ° Si ^ ***** forcign ma**, action such 

80c ^ c,Rd ««MW»ww« tne lore:gn matter reaction with bbroeriical tissue. 
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DETAILED DESCRIPTION 



(Dotaikd Description c! tho Invention! 
[0001] 



materia!, «* vessel r^to^der-J^Sa? S 30 I"****'!. »» «*« an operation, synechia prevention 

interface with the organism. Mmw! r £1 ii : S2S^J™ £ 9 * "! ? "J* ^ W9£5n * m ' fl *•*■»** «*w***fc* in L 
infiammsrory reaction in *he organism vewroen ooay cssu«s ; and Bws was a fault, such as trigging , an 

<vt*f m***m* as uSito.nmHHiS^r S*"" J "J**" <*<> **» *»» *™*K«I, « in Met Ite! «M| 

out By fly objact h Lwn ^^tSSfoSZ Sfi ^T^^"^ WW* or the textiles was carts* 

jvA.unaj, <sn« « .s Known is suiaote for anafbftcia bocdvossa etc (tho JP 4-1631 B »r«^ < ~.T> 7 

(0010J 
[0011) 

SSS. 1 * ^ Pte W 11 fe t r8latsd *• n^cai-applicaticn materiel for tissues characterized by consist of a Dolveste- 

10012} n» second of this invention is related vviththe artificial Mood vessel or vessel restorative dental materials charactered by being termed 



S£ & " m * RfoR6!{ medica| -app8^tion .. fit far tissues. 

U iS^So? *" a39r89ate 01 ** ^ * * «"*»*• » * **** «■-. i» no**™ fab* net*b* s or 

[C014J Bsperiaiiv 




,„ ~- 65 0 PO'relycct acid ana' polylacfc-add-palyglycoj addcaDolvmer H« ' 07 «wn-ot»ante. 

terepbth^te of the organism absorptivity like poly-diosa noa T rap wted b >' *• malMaJ; pofyMhj 

polytelrafiuorosihyiene, a aossyoium and L»„« J^%t • „ ' P° , -' ttfB8 » , ». *yN»>. rayon, polypropylene, a 

restoralh* dental materials in forming an art to , T P ^ '° r an artilidaf b!ood VSSsei *«» th. vessel 

M!«r ft. vessel relative dental ^^SSS'S** W il uses te *W**tad 

aerometers preferably are usually suitable for ^^b^^^^IX^ 1 T '° haV6 ih * Spaoin 9 of ^2000 
of abcdy tissue. Although especially the character of^iHSiriS» ^ £ ft m ,os ^ et <•» *• organfeoliw, bv irrupaon 

manufacture of knitting or teWos not testocted, the thing of about 0.01-50 dealers of sizes is desirable oh a 

[Formula 3V 



[Formula 31 

— O.CHCftc- , , * 

CH* O 

S^r /b °^ ate {heRC&!0f,h 3HB) "* m - ^following formula fa, 

O 



remain in the Svihg body. ' Y «W»»r recerve „ t,.mo!ys« by; the lipase esterase .which exists in a body tissue, and does no 

S^pS^St^ 

of #18 and 4KB polyaste, copolymer Forl^* oJJSSJS ^ ^fif*** fa ^ K ^ ^ ~facture technique 

W-*^, ,A. The - of two Iras 4th W^f4ttI&T^ '^ ^b fines of the 2nd page lowar-right - o? 
page uppsr-Mt "~ of 17 tines of the aS M -teft ^iT^T^^^Jf - W 1 **"** The - of 1 1 fines 4th 
*^lia«s^ 

2nd — of seven fines - . and tho 4th — of Sines JP> * 38S0S * A 2nd of 19 % *• 3rd — cf 39 lines, the ^,4*326932* 

copolymer is made to accumulate in a biomLs * *2L fJ^l^^.T h 'f h as hy * oxv bot > wto production ability, and a 

[OOl^J As an example of the above-mentioned biomass.it is AkS^^^SS*™ a, , 

Afcaisenes-*— (ATCC23712). AfcaBgenes- ™ *wiu ^TO**' Ateafc^enes Atoux run day (ATCC1574S),. 

mentioned:* culture madium will rot be rZLted araJbl * *' f*^^.^^*. such as — ~- (ATCC17699) a'e 

fifear^ral-proJcl-gfucosetlaS 

0020) As ar, example of the ce, T , P aund usedWe LS^L Mrogen pammm. mvi a magnesium sulfate is mentioned, 
deriv^^ 

sredtt^ss^ 

u Sfi «,^ 

mantionea'. although the amount of a^l«™»^fT^ f***m safV and an ammonium sa?! are 

*te - a culfcre me^ ^ ^ microorganism, desired copolymer composition, 

copolymer obtained if there te too much ^ 

from diucufere medium oblamed bv inSLn ^ 

thfe culture medium can be made tosbTtoH lato, ItaSff ^l^T' ^ ***** ** co!te5 ^ bicn,ass to ^ incubaSon Or 
S£'sSlSS 

genarafioa SHS and 4HS pastel £^5^ T!! obtai " sd *»y ^ incubation for polyester 

solvent like chloroform or Acetone S^o a ^oS^ .1? T ^ ax&ac * n » 2H8 and.4HS polyesler copolymer by tbo.orgaNc 
(0024] the preceding l»5523JL^^ * »• conventional mXd. 

- it is preferably rater ed to Z 6 5-9 5 ae-^J f ^ ter S^«atK>n ^d iha case - setting - P H - usually - g., 0 

th* amount bf polyester whlh caries ZTaZ ? W^££l V ^ fa,j ^- m ^ a,to *«« C. it is not advantegeous to 

cordons are ranSvSand iSSSf 9 ^ v ^ tow « a ««« manufacturing industrially when these 



{0025] 4MB una coolant of 3HB and 4HB poly ■ copolymer which constitutes the nedieaRjppllcatov veiiai for tissues cf Shis invenfio'i - 

SSL, ff "! % 7 I"* - * ~ ^ • " {t i£ eo " 95 ** * P»»*««y T* to. .ton absorption to ihis organiEation 

a r .ao!ng to rnuption cf a body tissue becomes stow too much, anc" the affect of this invention is not fully acquired except that flexibility and 

T J? 1 ' ". I 6 4HB Uptt i£ to0 }ow - 8 toc hi9h ' fkxibitit >' and elasticit y *« beco(T "» « M hdhafioB the content of 3HB unit - 

usuaSy - 1-70 met % - desirable - 2-80 moi % - it is 5-40 mol % still preferably Moreover. 3HB and 4HB polyester copolymer mav hove 
monomer units other then .1MB end 3KB unit the content of monomer units oihsr than 4MB and 3HB unit - usually - 30 mol % - dM*. - 
les5!hen(SOmol%]-.itislesslhan|-,Omo!%}sti«prefefab!y -es«ab.e- 
[0028] moreover, tha melting point of 3KB and 4H3 poller copolymer - usually ~ 3M8S degrees C - desrabie - 40-180 degrees C ~ 
<™«Z 5,65,1,3518 ~ * S ""' 70 « e 9 re6s 0 and raoiecuter weight - usualiy about 2b.000-5.COO.0OO - desirable - 50,000-2 000 000 « it is 
.00,000-1 .000,000 (pciystyrene standard sample reduced properly by the gel-permeation-chromatography method) more preferably ll 

» e2!"! W ' 100 e!astlcit> ' wl " fa!l « i? to0 is, fge. a manufacture of the medicai-apoiicaljcn material for tissues will become 
WMUL Strucura; sbMitat. such as an ertifieN biood vessel which will consist of ametfel-appljcstion material for 'issues if the melSr.o poin» 
fj^ ™' a&xmd nad, and rf loo h^h. a manufacture of the nwdicaf-appli<»tion material for (issues wn ' ' " 

fhe med.cel-appltcat!on materia) for tissues of Ihis invention consists of the fiber aggregates, such as knitting or textiles and 3MB and 
4h6 polyes:sr copolymer. Usually, the mecScal-applicaUon material for tissues of this invention mav be only that to which 3HB arid 4MB 
polyester copolymer intervene between fiber, although a part of fiber aggregate [ at least J is covered by 3HB and 4MB ooiyester copolymer the 
medcaf-appifcabon material for tissues cf this invention - eetSng - the weight proportion of the Sbor aggregate, and 3MB and 4HB polyester 
copolymer - Jie liber aggregate 100 weight section receiving - 3HB and 4H8 polyester copolymer - usually - 0. 1 - 1000 weight section - 
destrapte - a5 - 500 weightseciion - it is 1-300 weight section still preferably As technique of obtaining the medical-application material tor 

of immersing and xeransrs processmg, immersing and poor-sotvent processing, and the frame meld use fer the fiber agoregate etc is 
mentionea :n the case other components in the domain by which the purpose of this invention is not spoiled ff needed may be included in the 




copolymer concentration of the 
espedafiy preferably fr, addition. 



(00291 .Above-mentioned emerging and poor-solvent processing are the technique of pulling and continuing and processing by the poo- 
solver* after performing above-mentioned immersing end xerosis processing, the processing temperature in a poor solvent - completely - a 
IrriV » there is netting - iow temperature, a room temperature, and an elevated temperature - any are suffiderrt As a poor solvent alcohol 
such as ; hynrocarbons. such as ahaxane and a cyctohexane. a methanol, ethand. and an feoprooanoi. cr water can be mentioned' 
[0030] r-r»ax>drying processing est frame mold use is the technique of freaze-diying, after immersing the liber aggregate in the 
above-mentioned immersion fluid of a copolymer. !f freese drying can be dried, with She fceesesiatus maintained, fhara te especially no Smit 
uwisfly. the solvent which can melt a copolymer in -20 degrees C - a room temperature grade with the moiling ooinl preferably w» be used 'and 
dearoos v.. - 50 cegrees G of a dioxaae. benzene, etc. will be mentioned as an example of such a solvent. A freezing point is usually about 



can 
is r>6 



ibera are msny cases Moreover, h order to control structure, a specific fold can be contacted on tne cootfng field uncj oniy a spsdfc fi^d 
afr,o madd into &ib structure differonl kom others. The cb 9 foo of reduced pressure is cainod out in order to dry quickly although thero ,^ i >u 
p»$l mfluancs i in the porous st^cture acquired « wansts is the tenjparafcjr* con^fens of the dewnain whi^ a freeze object does no* dissolvo in 
tn» case of too dryer « plate formula, 5 or Isss Torre of 2 or less Torrs of the ternperatuta cf a plate are proferabiy carried cu? near the ' " 
BiaJang point d a solvent or beyond the malting point as ^ or lass Torr preferabJy, and It dries in many cas«<.% 
{0C^3 As the techmque of making h into porous structure, immersing and poor-sofc/em processing, How to process in the solvent which 
produces the copolymer processing object in me state that s^BcJfc uotvem was mede to dfefributo a parole in Ihe soluto of a 
polyester copolymer m f?ea2^dfymg processing and melts <h?s par^e, and does notrneH a copolymer, and cany out the lysis eliminaiior: only 
of^s parties. /Otfiough Uiare r S the technique of using together the technique of making contain a tomtfog aqent.and fabricaUna it or such 
n^M? 9 &?nC ^ mmm ^ °* pC<r ° US materi&! ' wlth h? 3 h ^xibH^ and e^sUpiiy is cbiairad, espec^liy &e©2e-drying processing ts 

(0032] : AHheugh especially the Sifcknees of the medcai-appaoaOoR material for tissues of this invention is not restricted, from the viewpoint of 
quick otoma^cn of die foreign matter in the living body by attaining decomposition absorption for a short time, and suppression cf a side effect, 
1000 aerometers or less are desirable and especfeify 50 micrometers or less are desirable. However, if a oart cr a* of structure o* this material 
is made jnto porous matenai even it it is in the case that thickness is large, decomposition absorption can be porfcrmed for a short time 
[<K43j i he medical-abpiicatjon material for tsssuos of this invention has the good oeccmposfbon absorption to a body tissue and a 
configuration predetermined also In after decomposition absorption Is held. $HB and 4HB polyester copolymer are covered by this omanization 
*n connection w/tb of a body tissue, and the device is presumed for decompcsftldn absorption cf 3HB and 4HB polyestar copolymer to 

acvance quJeiiy by operato of this organization. Moreover, since the decomposition absorption lx> the body tissue of 3HB and 4HB potyester 
copciym8f is gocd even i? a pclygiyco! acid etc is the case where the fiber agoregate which consists of a strong materia! of a foreign matter 
road-cn is used, the lb?eigri matter reaction with ti>e organism is mippTe$&0& 

[0034] When ^^rficaf-appife«ion material for Sssuas of Ms invention is sutured among the chorion deficit section In the cavum abdernnis 
ihe mecic^applicatEon material for tissues is coverod by the body tissue, and a chorion rs reproducad after this organisation. And the 
medica]^^5ljca^on materisJ for ifesues of invehtjen dacamposas into healing c; a chorion deficit gradually from a front face wiih this 
materia! by operation of a wrap body tissue, finally It is absorbed by the body tissue, and the agoregate of fiber is covered by the body tissue, 
iC03^j The medjca^apphcaljon matenal for tissues ci this invention is used suitable for an art&csai bfood veaset. an artificial skrh the suture for 
an cperstfon, synechia prevrontion materiel, the vessel restorative dentai materials, etc 

[0036J (an artificial biood vessel or vessel restoretivQ cteritaj materials) The abeve-mennoned medical material for tissues comes to form the 
artihcjaJ biood vessel and vassal resioraJive denta! matehais of torn invention, Ine meuicai matenai for tissues is usually preferably distorted to 
isss than 10% of asymmetry in the tension test cf at least 1 orientation, and the artificial blood vessel cr vessel restorative dental materials of 
this invention does no! have the yield point to less than 20%. When it was distorted in ?he tension test of at least 1 oriantation said here, it did 
not have the yield point to less than ro% and ?ha tension test io various orientation Is performed, it says that at teas! one orientation where the 
y^lo pomt does not o>dst in fess than 10% ol asymmetry, and tr*a fracture point does not e>cist f either exists. 



1 Wcm^n/iasmmHs for the wnalicn and a rt g h4^~ Si f P*"***. otter hat* uses the thSg beyond 

tai.»l wall « to tort 1?, „iS teJ^lSSirS.^"" "* *>«**• »• i»W ty th. wtata, mm ™a „ ., u 

0) Tte nfldoal-appJiassUDf, material fcrfesties which « 

^anda^ydmxybuiyrateunit: ^^^^ 

•Wi<»«to» (2), (3). or {,4} n^^appSwS "Sl^f^T" «HB«*««l»l is 60-95 moi si. 



3HB and <H8 polyaa*, cop5« weSSs " ^ » fBC «»' wa5 *** ■* P^tar copo^r was 

SSSo^JS W - 1 3 C 2 nd ,h ! meitin3 pa:nt ' • W 1 and ^P«ition ware ? 3H8 and 4H8 polyester s^poivmer /4MSam4 
MNH raahcultr weight * ' ^' P ' 6 ^ UCSd pf 0pcrty cy ,hs S^P^^ttor^hromatogiapby mated show* number 

reference, and 3HB and 4HB pctyeste3olv™ wt ^tit i ? ! !i "? 8,50 b,crn3ss 80 was «ittfvatodBke ihe example : of 
j^ff-*> weighs ^StL^tifeSa SS™ 88 ^.000. Co^iticn and 

sis 

BO was culLL M the «ai7rlaS and Sb 2£EE2S ? «** W8S the (Mum 

m*»P*i. W 1 and composition were?thTcip^^^^ 25 *» « *8~ C and tha 

MiNinhoim) abating in arrhizus. 9 cnscKed wfien prccessea by ins lipaso (msck in 

{OQ55) 2GOFT5J of % chloroform sdutians obtoscJ bv maffinn 4« «f qwfi 4ua ^ ■ • t 

e*amp?p at comparison < reference in 200ml chloral XX2d ft* ^J252SC * ** 1 oi 

15cm. chfordfowwas waporteed gradually and thT^nv JSfa IhkfaS^ ?J£2SEJ ^ ^ laboratory dish- vrfft a diameter of 
atdund,,and tha sample 1 was ofcLned 01 about 200 was created. This film was cut for 4cm 

thickness of about 10 misters was oi^lad S^^^AS?5^ * vapora* gradually, and the fijm with a- 

from inc.) was put on this 'Slm^tprocassadfora^SS^L,,. ■ ^Jp**ffc* *2, Davte+Seck. product made 

8H2* — • :«-«*■*• «*p«*6n 4 example twes cut for 4cm .rounds It was; and the sample a was 

1HS polyester coocJvmar abtafc** ik L iSIS * * l ° *"* W % chtoroterm soitrtJan of 3HB 



<fHB poiyasiar copolymer obtained In tha axamcite l6f tate^nea " iih« -!« » u!S Inside Witn 1{wAr) % chioroJorm solution of 3HB s 

Wood vassal a2 which repeats oparaWaTttiSo^^^^^ ^ ra^yad, and » dried in tha nSrogen draft. Tha artiHcial 
and 4HB poiyesfer oppo^na? was Suteo^^ fte ^^t^rf^° f ) T * ~ 5<oronas 3 t, '* n ^ 8 ' a!Kj was processed by 3H8 

diameter of 8mm), « poiyaster mesh SLSi^ W ^ ^msartedlh the rod made from Teflon {outer 

Piaster mash of apariphery ^^^S^r^^Z^T,l £5S ^ 'W*! « « ^edarKf the 
this aampfe a3 was iOmWzteinT^Hr^rate^ samp^aa was obtained. Tha water parmeabJBty of 

end measured if by ^cu a 8ng ihe ftowTthTSw^ Z ? ^ wa erprassura ecuwaient to 120mmH SS en the sample, 

me spanaihg elactror, micros^ mTpoSi^kKSU^ ^ ^ ** was cbaer.ed by 

were created afc^e anfinode Ittb^^S^^jES^^ ^ d " fec ^ ^« chorion deficits ol 3cm around 
melacotcmy section and the iWn aacfion^^A^lt^f ! *f »» chonon ootkrt secton, and were sutured in the order of the 

««fan;a^^ra«ltsSatS^ 

^^t^^S^t^^r 19 P !l Ph6,> ' ^ C ~ by ^ ^ ^ .-^ was observed that tha 
**»*««>». and the S^n ^SreS^SS' ^ ^ r9 >»« to the site which sutured 

K 4 Sh r f ac5 f fe s ^«9 and tha sample S of regeneration of a ctorfon was also parSal. 
,0068, A.t,ou 5 h, as for the oo^ycol add mesh of a s^ 



. ~ to . ^ m „ . 7 "~ 

was created. Knitting covorS ^SS S Wfis grasuE ^ SSSj? ° f 3HB and 4HS Poster 

t vQ731The 7 x9cm frame meldvras craah^.^^ , . :*«»»!« 13 W as observed by SEM j t 

«** from 15x13cm sinless sSl^S^ *P «* «* Sng oft™ s I" 0 ■* pt 0HB «* fester 
were poor* out an ft; this thing SJ LS ! ay ' ^ %1 °* 3H8 and 4MB SuUta *» ba58S of *« 5* 

Jot 10 micrometer* 0 f ^JSSSSS^ y*&S!£ZZS^ *!■>*• ***** 14 
micrometers of apsrtero* arid J t V ^ 0< 9,0 Parous iayer by iha «ide of th« i^t £ ? ' ^ d fts P«""<«^ fayer by th« sfcte of 
IP074] Tha^y^'^^^ « 'turned into *. £ ** ^ S ^ 9S sieeti a ff,? °' 
a fcora oMzrmr, J, and a lenoth «rf t£» u5T ? ' * as * -d ifl «» example 7 ex*nei» 

•^banted at ^ degrees C aSS- L ^ ° f * BD00, > an * » ms^rWdfn aS2? <j S° ^ »» heat soaier wi.h 

dinmatar of 10mm; it *ied infta na^lf '? « jriB J and 4H5 Polyester copilym^r this b^ri-lt, }Cmrn obfeuned. it was 

pojestar copoiym^ ^Z^SL^f^f^ ^d ^£^0^^^^ »• U tube with "o* er 

^----e^d^^ 

(Tab!© i| y 9 Arosuh<s shown in Tabfe 1 ; 
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7><o yfciri point cfc< not exist by the notes * sample 1 1 

made the pcrous-tey* al^SSSSK » 2 it!f " sampte 1 1 . by.sampfes 12 and 13, the suture 

use bp m-mrm** <*dnet have oihwWptos 8 9b wmpfe 13 was ft, wafer 

status ohhe ounSK^SS USK22""^ * 4 ** ** ^ 

K>caii Ri# Lr^'^ w y bwmiwig to occur, the organization Had not inva«ted into a film !avar 

S^l^ 100«*^55^, Nation 

EKwSSSS^ * * ?** ***** *«* * and ai 

(0084) 

wad.^app*AJ»n matena r» tissues dews invention is vsw* s>itabie ?cr an artificial r blood vessel an artifiriai sten *L „, 
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